The in situ nylon bag degradation and in vitro intestinal digestibility of dry matter (DM), and crude protein (CP) of mulberry (Morus alba) plant fractions was studied at four harvest stages, 3 (W3), 5 (W5), 7 (W7) and 9 (W9) weeks. Degradability of DM and CP of the whole plant and stem fractions declined significantly (p<0.01) with advancing plant maturity in the order W3>W5 and W7>W9 and W3>W5>W7>W9, respectively. The degradation of DM and CP of the leaf fraction was also influenced by plant maturity but no trend was observed. The degradation of DM and CP of the whole plant and leaves increased rapidly during the first 48 and 24 h of incubation, respectively, when maximum degradation was reached. In vitro intestinal digestibility of CP was more influenced by the residence time in the rumen than by plant maturity. This study showed that mulberry is suitable as a supplement, particularly to low-quality roughages, in providing a source of rapidly available nitrogen to the rumen microbes, hence improving the roughage degradability and intake. (Asian-Aust.
INTRODUCTION
Fodder trees have been shown to have tremendous potential as protein supplements (Devendra, 1993; Leng et al., 1993; Thorne et al., 1999) to provide soluble nitrogen, by-pass protein, whilst providing a source of energy and minerals, which are required by the rumen microorganisms. The multipurpose shrub, mulberry (Morus alba), offers a promising alternative as protein supplement (Sanchez 2002; Singh and Makkar, 2002) to low-quality basal diets, given the high contents of crude protein (CP) (Sanchez, 2002) , minerals and metabolisable energy (ME) as well as its low fibre content (Sanchez, 2002; Saddul et al., 2003) . Mulberry has been shown to have positive effects on rumen functions and body metabolism and is suitable for improving the efficiency of utilization of low-quality fodder (Yao et al., 2000; Liu et al., 2002; Singh and Makkar, 2002) . Research on mulberry as a protein source in ruminant diets focused mainly on the utilization of the leaves but information on the whole plant is sparse. A first study recently conducted in Malaysia to evaluate its potential productivity under local conditions has been conclusive with respect to the nutritional composition of the whole plant as well as the leaves (Saddul et al., 2003) .
This present study aims at evaluating the effects of plant maturity on the degradability characteristics of mulberry with reference to its eventual utilisation as a protein supplement to low-quality fibrous diets.
MATERIALS AND METHODS

Animals and diets
Three Brahman×Kedah-Kelantan bulls (body weight: 275±20 kg) fitted with rumen cannula were used to determine the in situ disappearance of mulberry plant fractions. The animals, housed in individual pens (3×5 m), were maintained on Pennisetum purpureum (Napier grass) and mulberry (70:30) at a dry matter (DM) intake of 1.5% of body weight. They were allowed a 14-day adaptation period prior to the start of the study. The feed was offered in two equal portions at 8.3 0 h and 16.30 h and drinking water was freely accessible.
Sample preparation
Mulberry whole plant, sampled at four harvest stages, 3 (W3), 5 (W5), 7 (W7) and 9 (W9) weeks, respectively, was separated into leaf (with petiole) and stem fractions and oven-dried at 60°C for 72 h. The samples were ground to pass through a 2-mm sieve for chemical analysis and nylon bag study.
Rumen degradability
Nylon bags (average pore size of 45 µm; size 6×12 cm), containing about 5 g of sample were prepared in duplicate and inserted in the rumen of each animal before the morning feeding. The bags were retrieved at 4, 8, 12, 24, 48, 60 and 72 h post-incubation, immediately immersed in cold water to inhibit further microbial action, then washed under running tap water and kept at -20°C overnight. The frozen
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Intestinal Digestibility of Plant Fractions bags were thawed, washed with cold water in a domestic washing machine for 3×5 min and dried in a forced-air oven at 60°C for 72 h. Washing losses were determined by soaking 4 bags containing about 5 g of sample in tap water for 20 minutes and by treating them in the same way as the incubated bags but without incubation in the rumen. The dried residues were pooled by replicates for chemical analysis.
Intestinal digestibility
Intestinal digestibility of whole plant and leaf fractions of mulberry was determined by the three-step in vitro procedure of Calsamiglia and Stern (1995) , modified according to McNiven et al. (2002) . A separate set of samples was incubated in duplicate nylon bags for 12 and 16 h to obtain ruminal residues for the determination of intestinal digestibility. In brief, about 0.3 g of ruminal residues was weighed into mobile bags (3.5×5 cm) and incubated for 24 h in a buffered pepsin-pancreatin solution in a shaking water bath maintained at 39°C. At the end of the incubation, the bags were washed thoroughly with distilled water, dried in oven at 60°C for 72 h and weighed to obtain the DM loss. The dried residues were analysed for Kjeldahl-N.
Calculation of degradability parameters
The degradation constants for DM and CP were calculated from the non-linear model proposed by Ørskov and McDonald (1979) using the Neway Excel Programme (Chen, 1995) : p = a+b (1-e -ct ), where, p is the amount of nutrient degraded (%) at time t, a is the rapidly soluble fraction (%), b is the rumen-insoluble but potentially degradable fraction (%), c is the rate of degradation of the b fraction (h -1 ) and t is the time of incubation (h). The effective degradability (ED), of DM and CP was estimated from the equation: ED = a+[(b×c)/(c+k)], where, k is the estimated rate of solid outflow from the rumen. Potential degradability (PD) was estimated as (a+b).
Chemical analysis
The feed samples were analysed for DM, organic matter (OM) and Kjeldahl-N according to the procedures of AOAC (1990) . Acid detergent fibre (ADF) and neutral detergent fibre (NDF) were determined by the method of Van Soest et al. (1991) . The residues were analysed for DM and Kjeldahl-N.
Statistical analysis
Analysis of variance (ANOVA) using a randomized block design (Gomez and Gomez, 1984) was carried out on the degradation parameters a, b, c, ED and PD for DM and CP of mulberry plant fractions using the GLM procedure of SAS (1990), with harvest stage as treatment effects and the animals as blocks.
RESULTS AND DISCUSSION
The chemical composition of the mulberry plant fractions is given in Table 1 . The DM, OM, NDF and ADF contents of all plant fractions increased significantly (p<0.01) with advancing plant maturity, whereas the CP content declined significantly. This is consistent with findings from previous studies (Saddul et al., 2003) . The leaf to stem ratio at W3, W5, W7 and W9 was respectively 5.2, 1.9, 1.7 and 0.88 and declined significantly (p<0.01) with advancing maturity as reported by Saddul et al. (2004) .
The degradation of DM and CP decreased significantly (p<0.01) with plant maturity at harvest in the following order: W3>W5 and W7>W9 (Tables 2 and 3 ). There were significant plant maturity-incubation time interactions (p<0.05) for DM and CP. Overall, nutrient degradation increased significantly from 4 to 48 h of incubation (p<0.01), following which, nutrient loss till 72 h of incubation was not significant.
DM disappearance
Degradability of DM of mulberry plant fractions decreased significantly (p<0.01) with increasing intervals between harvests, with more pronounced effects on the whole plant and stem fraction, compared to the leaves. Dry matter disappearance of all plant fractions increased significantly from 4 to 48 h of incubation at all harvest stages, after which, DM losses were not significant till 72 h. Overall DM degradability of whole plant, leaf and stem fractions was 66.7, 77.9 and 51.5%, respectively. Reports available on the DM degradability of mulberry (Liu et al., 2002; Shayo, 2002; Singh and Makkar, 2002; Bakshi and Wadhwa, 2004) and they focused mainly on the leaves but in most cases the age of the leaves at harvest were not specified.
The soluble fraction, a, of whole plant DM decreased significantly (p<0.01) with advancing plant maturity (Table  2 ) from 43.8% at W3 to 29.4% at W9. There was, however, no significant influence of plant maturity on the soluble fraction of leaf and stem DM. The average value of the soluble fraction of whole plant, leaf and stem, pooled across harvest stages, was 36.1%, 44.2 and 26.2%, respectively. These results are within the range of values of 20-40% reported by Shayo (1997) for young leaf and bark and old bark, respectively, and 30.4% for whole plant by Sanchez (2002) . However, Schmidek et al. (2002) reported a lower a value of 31.4% for 90 d old leaves while that reported by Liu et al. (2002) was 20.5%.
The insoluble but potentially fermentable fraction, b of whole plant and stem DM declined significantly (p<0.01) with advancing plant maturity (Table 2) whereas that of the leaves declined significantly only after W7. The b value for whole plant obtained in this study was comparable with that reported by Sanchez (2002) and Liu et al. (2002) .
Given the significant effects of maturity on the soluble fractions of the whole plant and stem, the potential degradability (PD) declined significantly from 92.3% at W3 to 71.4% at W3 (Table 2 ). The mean PD of the leaf fraction was 95.6% and was not influenced by maturity. The PD of the whole plant and the leaf reported by other authors (Liu et al., 2002; Sanchez, 2002; Singh and Makkar, 2002) was lower than obtained in this study.
The overall effective degradability (ED) of all plant fractions declined significantly from W3 to W9 (p<0.01). Increasing the outflow rate from 0.02 to 0.08 resulted in a significant decrease in the ED of DM for all plant fractions at all harvest stages.
The lag phase was not influenced by plant maturity for all plant fractions and was 3.4, 4.3 and 2.5 h for the whole plant, leaf and stem, respectively. The rate of degradation, c, of whole plant DM was 0.073 and was not influenced by harvest stage. The rate of degradation of the leaf and stem fractions was higher (p<0.01) at W3 (0.113 and 0.172, respectively) and this value decreased to 0.084 and 0.082, respectively with advancing maturity to W9.
Crude protein disappearance
Overall protein degradability decreased with plant maturity (p<0.01) for all plant fractions and was 75.3, 74.1 and 72.5%, for the whole plant, leaf and stem fractions, respectively. Plant maturity significantly (p<0.01) decreased the soluble fraction a of all plant fractions, the b fraction of the stem and the c fraction of the leaves and stem. Consequently this resulted in a significant (p<0.01) decline in the PD of the whole plant. Liu et al. (2002) reported lower values for the a and b fractions (19.5 and 50.2, respectively) and PD for the leaves (69.7%), without specific mention of the leaf age. Plant maturity and outflow rate influenced the ED of protein for all plant fractions, but interaction between maturity and outflow rate was non-significant. The mean ED of whole plant, leaf and stem fractions at an outflow rate of 0.05 was 66.8, 67.1 and 68.9%, respectively.
Plant maturity did not influence the lag phase of whole plant (mean 3.9 h) and leaf fraction (mean 6.1 h), while the lag phase for the stem fraction was higher (p<0.01) at W3 and W5 (respectively, 3.0 and 3.4 h) than at W7 and W9 (2.1 h). The rate of degradation, c, of whole plant CP was not influenced by plant maturity (mean 0.074 h), but it was decreased significantly (p<0.05) for the leaf and stem fractions from W3 (0.104 and 0.199, respectively) to W5.
In vitro intestinal digestibility
Ruminal and intestinal disappearance of DM and CP of mulberry whole plant and leaf fraction are given in Table 4 and 5. Rumen DM disappearance of whole plant decreased with increased plant maturity, at both incubation times. Leaf DM disappearance was however, not influenced by plant maturity but increased with increased rumen incubation time from 12 to 16 h. Whole plant and leaf CP disappearance was not influenced by plant maturity at 12 h of ruminal incubation, but at 16 h of incubation, CP disappearance of the whole plant declined significantly with advancing maturity while that of the leaves was not influenced. The in vitro intestinal digestibility of DM and CP of both the whole plant and leaf decreased with increasing incubation time from 12 to 16 h, but was not influenced by harvest stage. Total tract disappearance of the whole plant DM decreased with advancing maturity at both incubation times, while the effect of plant maturity on total tract DM disappearance of the leaf was significant only at 16 h of rumen incubation. Plant maturity significantly (p<0.01) influenced total tract disappearance of CP in the whole plant only after 16 h of ruminal incubation.
CONCLUSION
The results showed the high ruminal degradability of mulberry, which declined significantly with maturity, with more pronounced effects in the whole plant and the stem compared to the leaf fraction. This was brought about by a decline in both the soluble and potentially fermentable fractions. The in vitro DM and CP intestinal digestibility of whole plant and leaf was influenced more by the duration of the rumen incubation than by plant maturity. Taking into account the significant effects of plant maturity on the nutritional composition (CP, ADF and NDF), leaf to stem ratio and the degradation pattern of mulberry, it can be concluded that mulberry re-growths are best harvested at 5-week intervals.
The high nutritional value of mulberry as well as the high soluble fraction is a good source of rapidly available nitrogen to the rumen microbes, hence, creating favourable rumen environment as reported by Yao et al. (2000) , Liu et al. (2002) , Singh and Makkar (2002) and Mgheni et al. (2001) . This is a good indicator of the appropriateness of mulberry foliage as a supplement to low-quality basal diets for improving fibre degradation and intake. The high rate of ruminal degradation also suggests that it can be included at high levels in the diet. The high voluntary intake potential of mulberry has been reported by Bakshi and Wadhwa et al. (2004) . Diet manipulations aiming at increasing the rumen outflow rate may enhance the bypass protein value of mulberry.
